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Allgemeine Informationen zur Untersuchung von Humanproben auf 
PCDDs/PCDFa, dioxinähntJche PCB, Marker-PCB und PBDE 

1 Leistungsumfang 

HumenbJut soll auf polychlorierte Dibenzodioxlne und - furane (PCDD/PCDF), dioxinähnli­
che PCB, Marker-PCB und PBDE. 

Der von uns im Folgenden angebotene Leistungsumfang umfasst alle wesentlichen analyti­
schen Schritte, wie die Probendokumentation, die eigentliche analytische Bestimmung der 
PCDD/PCDF mittete hochauflösender Gaschromatographie und hochauflösender Mas-
senspektrometrie (HRGC/HRMS) sowie die Berichtserstellung und qualifizierte Einstufung 
der Daten. 

17 toxische 2,3,7,8 PCDD/PCDF-Kongenere 

ECB; 
Die PCB werden in der Kegel in zwei unterschiedliche .Gruppen' aufgeteilt: 

1. "Marker-PCB*: 
PCB-28, PCB-52, PCB-101, PCB-138, PCB-153, PCB-180 

2. "Dioxinähnliche PCB' (auch "WHO-PCB" genannt) 
PCB-77, PCB-Öt, PCB-126, PCB-169, PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, 
PCB-157. PCB-167, PCB-189 

PBDE 17, PBDE 28, PBDE 47, PBDE 66, PBDE 71, PBDE 77, PBDE 8ö, PBDE 99, PBDE 
100, PBDE 119, PBDE 138, PBDE 153, PBDE 154, PBDE 183 und PBDE 209 

2 Probenahme 
Die Probenahme wird seitens des Auftraggebers durchgeführt bzw. organisiert. 

3 Analytische Methoden 

3.1 PCDD/PCDF 
Die Extraktion der Proben erfolgt mit hochreinen Lösemitteln zur Ultraspurenanalytlk, Die 
Probe wird mit folgenden 13C-UL-markierten internen Standards versetzt: 

EuroflrtsGCAGmbH NOftD/LB ^ggt V**-' 

NmdsndarKVTfl Konto 135 02 5 799 
6-JlCffftH^ntnjrg 8LZ23DSO0O0 

G«ch«tM)hnir. Jocto Sc*ute, Dr. tflius BW^W 
HRB108274 AG Hamburg / jSt-fdNr, DE 612 492 823 / IBAN D640 2505 0000 0135 0257 »1SWFT-9IC,; NOADE2HXXX 



23-MfiI-e0l2 11:36 From:Dr. Odenlhal +492162353989 To:02842963225 Pase:2 '5 

s& eurofms 
Seite 2 von 5 

\G\k 

2,3.7,8 

1,2,3,7,8 

1.2,3.4,7.8 
1,2,3,6.7,8 
1.2,3,7,8,9 

1.2,3,4,6,7,8 

1,2,3,4.6.7.8,9 

X-UL-markbrte interne 
PCDD 

-Tetra-CDD 

-Penta-CDD 

-Hexa-CDD 
-Hexa-COD 
-Hexa-CDD 

-Hepta-CDD 

-Octa-CDD 

Standards, PCDD/^CDF 

2,3,7,6 

1.2.3,7.8 
2,3,4,7,8 

1,2,3,4.7,8 
1,2,3,6,7,8 
1,2.3.7.8,9 
2,3.4.6,7,8 

1.2,3,4,6,7,8 
1,2,3.4,7,8,9 

1,2,3,4,6,7,8,9 

PCDF 
-Tetra-CDF 

-Penta-CDF 
-Penta-CDF 

-Hexa-CDF 
-Hexa-CDF 
-Hexa-CDF 
-Hexa-CDF 

-Hepta-CDF 
-Hepta-COF 

-Octa-CDF 

Jm Anschluss erfolgt eine Reinigung der Extrakte über MehrfachsÄulensysteme. Die Mes­
sung wird mittels HRöC/HRMS über DB5-Type auf VG AutoSpec durchgeführt Jede Ver­
bindung wird mit zwei Isotopenmassen gemessen. Die Identifizierung und Quantifizierung 
erfolgt nach der Isotopenverdünnungsmethode durch Vergleich mtt den eingesetzten 13C-
UL-markierten Standards. Als Wlederflndungsstandard wird das 13Ct2 1,2,3,4-TCDD ver­
wendet. 

Folgende PCDD/PCDF werden analysiert und berichtet 

2,3,7,8 

1,2,3,7,8 

1,2,3,4,7,8 
1,2,3,6,7,8 
1,2.3,7,8,9 

1,2,3.4,6.7,8 

1,2.3.4,6,7,8,9 

PCDD/PCDF 
PCDD 

-Tetra-CDD 

-Penta-CDD 

-Hexa-CDD 
-Hexa-CDD 
-Hexa-CDD 

-Hepta-CDD 

-Octa-CDD 

2,3,7,8 

1,2,3,7,8 
2,3,4,7,8 

1,2.3,4,7,8 
1,2,3,6.7,8 
1,2,3,7,8,9 
2,3,4,6,7.8 

1,2,3,4,6.7,8 
1,2,3,4,7,8,9 

1,2,3,4,6,7.8,9 

PCDF 

-Tetra-CDF 

-Penta-CDF 
-Penta-CDF 

-Hexa-CDF 
-Hexa-CDF 
-Hexa-CDF 
-Hexa-CDF 

-Hepta-CDF 
-Hepta-CDF 

-Octa-CDF 

Weiterhin wird eine Berechnung der toxischen Äquivalenzwerte (WHO-TEQ) durchgeführt. 

Bei Bedarf stellen wir Ihnen gerne nähere Informationen zum Analysenverfahren zur Verfü­
gung, 

Ajigemeint Irrform itionen zur Untersuchuncj von Huminprobtn auf PCDDs/PCDFs, tfioxfrrähnliche PCB, 
Marker-PCB und PflOE 
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Z2 DIoxin&hnliche PCB 

Vor der Extraktion wird die Probe mit folgenden 13C-UL-markierten internen Standards ver­
setzt; 

Verbindung 

Dioxinähnlich* PCB 

IUPAC Code 

fc o 

3,3\4,4* 
3,4,4',5 
3,3\4,4\5 
3,rAA',St5

m 

-Tetra-CB 
-Tetra-CB 
-Penta-CB 
-Hexa-CB 

PCB 77 
PCB 81 
PCB 126 
PCB 169 

8 
2,3,3',4,4' 
2,3,4,4',5 
2,3\4,4\5 
2'.3.4.4\5 
2.3.3',4,4',5 
2,3.3\4,4',5' 
2,3',4r4\5,5' 
2P3,3',4,4',5,5* 

-Penta-CB 
-Penta-CB 
-Penta-CB 
-Penta-CB 
-Hexa-CB 
-Hexa-CB 
-Hexa-CB 
-Hepta-CB 

PCB 105 
PCB 114 
PCB 118 
PCB 123 
PCB 156 
PCB 157 
PCB 167 
PCB 189 

Die Extraktion der Probe erfolgt mit hochreinen Lösemitteln zur Ultraspurenanalylik. Im An­
schluß erfolgt eine Reinigung der Extrakte über Mehrfachsäulensysteme. Die Messung 
wird mittete HRGC/HRMS über DB5-Type auf VG AutoSpec durchgeführt, Jede Verbindung 
wird mit zwei Isotopenmassen gemessen. Die Identifizierung und Quantifizierung erfolgt 
nach der Isotopenverdünnungsmethode durch Vergleich mit den eingesetzten 13C-UI-
markierten Standards. 

Folgende PCB werden analysiert und berichtet: 

o iL 

Verbindung 

3,3\4,4' 
3,4,4\5 

WAA'fi 
3,3\4,4',5,5' 
Z,3p3',4,4' 
2,3AA',S 
2(3',4,4\5 
2\3,4,4\5 
2,3,3',4.4\5 
2,3,3'.4,4',5' 
2,3',4,4'W 
2,3,3',4P4',5,5' 

Dioxinähnliche PCB 

-Tetra-CB 
-Tetra-CB 
-Penta-CB 
•Hexa-CB 
-Penta-CB 
-Penta-CB 
-Penta-CB 
-Pente-CB 
-Hexa-CB 
-Hexa-CB 
-Hexa-CB 
-Hepta-CB 

IUPAC Code 

PCB 77 
PCB 81 
PCB 126 
PCB 169 
PCB 105 
PCB 114 
PCB 118 
PCB 123 
PCB 156 
PCB 157 
PCB 167 
PCB 189 

Weiterhin wird eine Berechnung der toxischen Äquivalenzwerte (WHO-TEQ) durchgeführt. 

Allgenwlne Information«!! xur Untersuchung von Humanproben auf PCDOa/PCDFi, rfiaxinähnKche PCB, 
Marfc«r-PCB und PBDE 
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3.3 Marker PCB 

Vor der Extraktion wird die Probe mit folgenden ,3C-UL-markierten internen Standards ver-
setzt: 

2,4.4'-Tri-PCB (PCB-28) 
2,2',5,5-Tetra-PCB (PCB-52) 
212\415,5,-Penta-PCB (PCB-101) 
2,2,3I414\5,-Hexa-PCB (PCB-138) 
2,2'.4,4\5,5,-Hexa-PCB (PC0-153) 
2,2,.3,4,4\5,5,-Hepta-PCB (PCB-180) 

13C-UL 
13C-UL 
13C-UL 
13C-UL 
13C-UL 
13C-UL 

3.4 

Die Extraktion der Probe erfolgt mh hochreinen Lösemitteln zur Ultnaspurenanafytik. Jm An-
schluss erfolgt eine Reinigung der Extrakte über ein Mehrfachsäutensystem. Die Messung 
wird mittels HRGC/HRMS über DB5-Type auf VG AutoSpec durchgeführt. Jede Verbindung 
wird mit zwei Isotopenmassen gemessen. Die Identifizierung und Quantifizierung erfolgt 
nach der Isotopenverdünnung smethode durch Vergleich mit den eingesetzten 13C-UL-
markierten Standards. 

Polybromierte Oiphenylttner (PBDE) 

Die analysierten Einzelverbindungen sind im Überblick in der folgenden Tabelle dargestellt. 
Für jede analysierte Verbindung ist ein nath/er Referenzstandard verfügbar. 

IUPAC-
Name 

17 
28 
47 
66 
71 
77 
85 
99 
100 
138 
153 
154 

I 183 
209 

PBDE 

Kongener 

2.2\4-
2,4,4-

27A4'-
2,3,4,4'-
2,3r,4',6-
3,3\4,4*-

2,2',3)414-
2.2\4,4\5-
2,2',4)4

,,6-
212\3,414\5'-
2,2\4,4',5.5,-
2?AA\&,&-

212\3,4,4\5\6-
212',3.3'>4)4')5,5',616'-

Tri-BDE 
Tri-BDE 
Tetra-BDE 
Tetra-BDE 
Tetra-BDE 
Tetra-BDE 
Penta-BDE 
Penta-BDE 
Penta-BDE 
Hexa-BDE 
Hexa-BDE 
Hexa-BDE 
Hepte-SDE 
Deca-BDE 

Allgemein» InformaUonwn zur Untareuchunfl von Humanprobafl auf PCDDWPCDFs, dioxinihn Rehe PCB, 
Mark«r.PCfi und PBOE 
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Die Extraktion der Probe erfolgt mit geeigneten hochreinen Lösemitteln zur Ultras purenana-
lytik. Vor der Extraktion wird die Probe mit folgenden l3C-UL-markterten internen Standards 
vernetzt; 

L, 

JUPAC 
Name 

28 

47 

99 

153 

154 

183 

197 

207 

209 

"C-UL-manViertt intern« Standards, PBDE 

2,4,4'-

2,2*,4,4'-

2,2\4,4\5-

2,2\4,4\5,5*-

2.2',3,4,4\5\6-

2,2\3,3\4,4\6,6*-

2>2\3.3,,4,4,.5J6,6'-

2,2',313',4I4',5r5',6,6'-

Tri-BDE 

Tetra-BDE 

Penta-BDE 

Hexa-BDE 

Hexa-BDE 

Hepta-BDE 

Octa-BDE 

Nona-BDE 

Deca-BDE 

Die Bestimmung des Fettgehaltes erfolgt mittete Gravimetrie, Für die Bestimmung der po-
rybromierten Diphenytether wird der Probenextrakt in n-Hexan aufgenommen. Im Anschluss 
erfolgt eine Reinigung der Extrakte ober schwefelsaures SAicagel. Als Wiederfindungsstan-
dafd wird ,3Ci2 2.2,,3,4t4

,,6-Hexabromdiphenytether (Hexa-BDE) verwendet. Dte Messung 
wird mittels HRGC/HRMS über DB5-Type auf VG AutoSpec und/oder Finnigan MAT 95 XL 
durchgeführt. Die Identifizierung und Quantifizierung erfolgt nach der Isotopenverdön-
nungsmethode durch Vergleich mit den eingesetzten 13C-UL-markierten Standards. 

4 Vertraulichkeit 

Alle Ergebnisse werden ausschließlich an den Auftraggeber bzw. von ihm ausdrücklich be­
nannte Institutionen berichtet. Außenstehende erhalten keinerlei Informationen hinsichtlich 
der analytischen Daten, zum Projekt bzw. zum Auftraggeber. 

Externe Qualitätskontrolle 

Die Eurofins GfA GmbH nimmt regelmäßig an nationalen und internationalen Ringversu­

chen teii. 

8 Abschlussb«merkungen 

In Abhängigkeit von den Untersuchungsparametem werden dte Proben bis zu 3 Monate 
nach Berichtsdatum aufbewahrt. 

Allgemeine lnf©rm#tiort«n zur Untersuchung von Humanprohon auf PCDD«/PCDF*, dtain ähnliche PCB, 
Uark«M»CB und PBDE 





HUMAN LEVELS AND TRENDS 

PCDD/F and dioxin-like PCB in human blood and milk from 
German mothers 

Jürgen Wittsiepe1, Peter Fürst2, Petra Schrey1, Friederike Lemm1, Martin Kraft3, 
Georg Eberwein4, Gerhard Winneke5, Michael Wilhelm1 

1 Ruhr-Universtität Bochum, Abteilung für Hygiene, Sozial- und Umweltmedizin, 
Universitätsstraße 150, D-44801 Bochum 
2Chemisches Landes- und Staatliches Veterinäruntersuchungsamt, Joseph-König-Straße 
40, D-48147 Münster 
Ministerium für Umwelt und Naturschutz, Landwirtschaft und Verbraucherschutz des 
Landes Nordrhein-Westfalen, Schwannstraße 3, D-40476 Düsseldorf 
4Landesumweltamt Nordrhein-Westfalen, Schederhofstraße 6, D-45145 Essen 
Medizinisches Institut für Umwelthygiene an der Heinrich-Heine Universität Düsseldorf, 
AuA'm Hennekamp 50, D-40225 Düsseldorf 

Introduction 
Human biomonitoring of polychlorinated dibenzo-p-dioxins and dibenzofuranes (PCDD/F) and 
polychlorinated biphenyls (PCB) is done by analyzing both blood and milk samples. With 
reference to calculation of Toxicity Equivalents (TEq) as published by the World Health 
Organization (WHO) in 1998 ' determination of 17 PCDD/F congeners together with 4 non- and 8 
mono-ortho PCB congeners is the preferred method. 
In contrast to data on PCDD/F only little is known on background levels of dioxin-like PCB in 
human blood or milk samples. In the present study we report on PCDD/F and PCB levels in human 
blood samples of pregnant women living in an industrialized area of Germany and of human milk 
samples from the same women taken in the first weeks after birth. The investigations demonstrate 
the current background levels found in Germany, make a contribution for the assessment of pre-
and postnatal exposure of infants and show correlations between the two matrices. 

Methods and Materials 

Study group 

Participants were 169 pregnant women aged between 19 and 42 years at time of birth living in an 
industrialized area of Germany. Most of the subjects were german (142), 18 mothers were of 
turkish, 6 of east european or asian, 1 of african and 2 of other origin. In view of exposition to 
PCDD/F, PCB and other persistant organic pollutants it is significant, that 135 of them (79.9 %) 
have never lived outside West-Germany for more than 3 months and 140 (82.8 %) never outside 
West-Europe. 

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 2865 



HUMAN LEVELS AND TRENDS 

Sampling 

It was planned to take the blood samples (about 50 ml) in the 321*1 week of pregnancy. However in 
11 cases blood samples were taken after birth. Sampling of milk (about 150 ml) was planned for 
the 2nd week after birth. This was achieved for more than the half of all cases, in other cases either 
sampling period was later or took longer. All in all, blood and milk samples were taken between 
September 2000 and January 2003. 

Analysis 
Blood samples were analyzed at the Department of Hygiene of the Ruhr-University Bochum, 
Germany (RUB) and milk samples at the Chemical and Veterinary Control Laboratory, Münster, 
Germany (CVUA), both with their established methods. 

Analysis of human blood samples atRUB 

Extraction 

Homogenized whole blood (50 ml) is diluted with deionized water (50 ml) and shaken overhead for 
30 min. Extraction procedure is as follows: addition of 50 ml aqueous saturated ammonium Sulfate 
Solution, shaking for 1 min, addition of 50 ml of absolute ethanol, shaking for 1 min, twofold 
extraction with 100 ml of hexane. The hexane layer is dried with anhydrous sodium sulfate and 
evaporated at 40 °C under vacuum to constant weight. The residue (about 250 mg), which 
represents the fat content, is weighed, redissolved in hexane and divided into two aliquots of 90 % 
for determination of PCDD/F and non-ortho PCB (aliquot A) and 10 % for determination of mono-
ortho and indicator PCB (aliquot B). 

Sample clean up 

Aliquot A is fortified with 17 13C12-labelled 2378-chlorosubstituted PCDD/F congeners (25 or 50 
pg/sample) and 4 13Ci2-labelled non-ortho PCB congeners (#77, 81, 126 and 169) each at 
concentrations of 25 or 50 pg/sample. Clean up is performed by Standard methods using modified 
silicagels, alumina and activated charcoal. After addition of 2 ul of dodecane the final sample 
extract was evaporated under a nitrogen stream to dryness and reconstituted by addition of 10 ul of 
toluene, containing 25 pg 13Ci2-1234-TCDD as external Standard. 

Aliquot B is spiked with 8 13C12-labelled mono-ortho (# 105, 114, 118, 123, 156, 157, 167, 189) 
and 6 ,3Ci2-labelled indicator (# 28, 52, 101, 138, 153, 180) PCB congeners each at concentrations 
of 0.50, 1.25 or 2.5 ng/sample. Clean up is done by column chromatography using Florisil. At the 
end 0.50 ng 13CI2-labelled PCB 47 and 20 ul of dodecane are added. The extract is evaporated 
under a nitrogen stream to a final volume of 20 ul. 

HRGC/HRMS analysis 

The analytical instrument System consists of a VG AutoSpec high-resolution mass spectrometer 
and a Hewlett Packard 5890 series II gas Chromatograph equipped with a Gerstel KAS 2 
vaporization system and a J&W Scientific DB-5MS GC column of 60 m length and 0.1 um film 
thickness. Both cleaned extracts (aliquot A injection volume 4 ul; aliquot B 1 ul) are measured in 
Single ion recording mode with 5 or 4 mass optimized functions at a resolution of 8,000 - 10,000 at 
10 %. Each two mass fragments are recorded for labelled and native congeners. 

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 2866 
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Blood analyses are performed in series of 4 or 5 samples and one blank. The Standard deviation of 
the method is lower than 10 % for most congeners and up to 25 % for congener concentrations near 
the detection limit. The recovery rate is typically in the ränge of 70 - 95 % and the detection limits 
(S:N = 3:1) are < 1 pg/g on lipid basis. Samples of pooled human blood are regularly analyzed for 
internal quality control. 

Analysis of human milk samples at CVUA 

Extraction 

The extraction of lipophilic persistent halogenated pollutants along with fat starting with at least 50 
ml of milk is performed after addition of potassium Oxalate with ethanol, ether and pentane. The 
extract is washed with water and dried over sodium sulphate. After careful solvent evaporation, 
gravimetric lipid determination is performed. 

Determination of PCDD/F and non-ortho PCB 

An aliquot of approx. 2 g of fat is spiked with 17 13Ci2-labelled PCDD/F each at a concentration of 
25 pg/sample and 3 13Ci2-labelled non-ortho PCB Standards each at a concentration of 100 
pg/sample. Fat and non stable Compounds are removed on a silica gel column coated with sulphuric 
acid. The hexane eluate containing the PCDD/F and PCB is carefully reduced by rotary evaporation 
and applied to a florisil column to separate the PCB from PCDD/F. 
While the PCB fraction is further cleaned up on a Chromosorb WHP/Charcoal SP-1 column, the 
PCDD/F elute is applied to a Carbopack C/Celie 545 column to remove any remaining non planar 
Compounds. 
The resulting extracts are analysed by high resolution gas chromatography/high resolution mass 
spectrometry (HRGC/HRMS) at a resolution of R= 10.000. Each batch of six samples is 
accompanied by a laboratory blank as well as a quality control pool. 

Determination ofmono-ortho and indicator PCB 

An aliquot of approx. 0.25 g of fat is spiked with 8 13Ci2-labelled mono-ortho PCB Standards each 
at a concentration of 500 pg/sample and 6 13C12-labelled indicator PCB Standards each at a 
concentration of 5 ng/sample. Fat and non stable Compounds are removed on a silica gel column 
coated with sulphuric acid. The hexane eluate is carefully reduced by rotary evaporation and finally 
a gentle stream of nitrogen to a volume of 100 ul. This extract is directly applied to HRGC/HRMS 
analysis at a resolution of R=l 0.000. Each batch of six samples is accompanied by a laboratory 
blank as well as a quality control pool. 

Results and Discussion 
Descriptive Statistical data on levels of PCDD/F, dioxin-like PCB and calculated TEq-values in 
human blood and milk are given in Table 1. PCDD/F levels found are in good agreement with 
literature data on PCDD/F 2'3 or dioxin-like PCB 4'5 human biomonitoring data from Germany with 
regard to the sampling years and the age ränge of the participants. 

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 2867 
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M XO 380 400 420 

Molecular weight [ tnu] 

Figure 1: Correlation of PCDD/F- and PCB-concen-
trations (expressed as WHO-TEq on lipid 
base) in human milk and blood 

Figure 2: Dependence of the distribution of PCDD/F 
and PCB between human blood and human 
milk on molecular weight 

A good correlation between lipid-adjusted PCDD/F and PCB levels in blood and milk was found 
for nearly all congeners as demonstrated in Figure 1 for the calculated WHO-TEq. To compare the 
levels in blood and milk the ratios of the arithemetic means of both data sets as well as correlation 
calculations were done for each congener and the TEq-values (see Table 1). For the different 
congeners different distributions in the two body compartments were found. In the prhnary 
compartment blood higher chlorinated substances are found in higher concentrations when 
compared to milk (e. g, OctaCDD 3.3fold), whereas lower chlorinated congeners such as 
pentachlorinated biphenyls are predominantly enriched in milk in concentrations about 1.5fold 
higher than found in blood. Besides the different lipophilicity of the substances, the molecule 
diameter and molecular weight influencing the membrane permeability might be responsible for 
this Observation. Figure 2 shows the dependence of the distribution between blood and milk on the 
molecular weight. 

To our knowledge, the present study is the first investigation on a larger study group where blood 
and milk samples from the same donors were analyzed. Similar trends on the different distributions 
between blood and milk with regard to PCDD/F and dioxin-like PCB have been found when 
comparing samples from different donors or of analyzed pool samples 5"8. 

The slightly different congener patterns observed in blood and milk result in a different 
contribution of the individual congeners to the calculated WHO-TEq values. In both matrices, 
blood and milk, only 4 congeners (12378-PeCDD, 23478-PeCDF, 33'44'5-PeCB (# 126) and 
233'44'5-HxCB (# 156)) contribute the main share (see Figure 3). The mean share of PCDD/F to 
total WHO-TEq is 60 % in blood and 52 % in milk, the shares of non-orthe PCB and mono-ortho 
PCBs are 18 % and 22 % (blood) or 27 % and 21 % (milk), respectively. 

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 2868 
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Figure 3: Mean share of different PCDD/F- and PCB-congeners on total WHO-TEq in blood and milk 
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Table 1: Descriptive Statistical data on PCDD/F and PCB concentrations [lipid base] in human blood and milk from German mothers 
collected from the same donors (study period 09/2000 to 01/2003) 

N=169 

Age [years] 

B L O O D 

MIN 

19 

P5 

23 

M E D 

32 

P95 

39 

MAX 

41 

A M 

31.24 

M I L K 

M I N 

19 

P5 

23 

M E D 

32 

P95 

40 

M A X 

42 

AM 

31.85 

AM blood/ 
AM milk 

0.98 

C O R R E L A T I O N 

r 

— 
cons t an t 

— 
slope 

— 
F C D D i r a t e l i p i d h n o T - . • ••• : - r v : ? : : • r- •>•:•:::••::::•'::•?-'!:• •••.-••>••'-.'r.wr"••;:• •••;• -"=•-•::;••.:••:::--."?.!,"';.':.i.!!»::-:i:-?-iiis':-i-:!:::rj:i.!.-:u::^-'~;-;::.?• =:• - •==•.; ;:; •;: 

2378-TetraCDD {# D48) 

12378-Pen taCDD(#D54) 

123478-HexaCDD(#D66) 

123678-HexaCDD {# D67) 

123678-HexaCDD(#D67) 

1234678-Hep taCDD(#D?3) 

OctaCDD (» D75) 

0.085 

0,65 
0.46 

1.5 

0.6 

1.9 

23 

0.29 

1.6 

1.2 

4.2 

1.1 

7.1 

94 

1,3 

4.7 

3.8 

15 

3.2 

22 

220 

3 

10 
7.9 

32 

7.5 

59 

560 

4.9 

16 

12 

64 

12 

100 

1100 

1.43 

5.06 

4.12 

16.44 

3.57 

26.30 

268.43 

0.075 

0.55 

0.17 

0.68 

0.29 

1.9 

9.2 

0.54 

1.4 

0.79 

2.9 

0.8 

4 

22.5 

1.5 

4 

2.7 

11,6 

2.3 

12,6 

70.4 

3 

7.6 

5.4 

24.1 

4,7 

29.7 

178 

5.3 

11.6 

10.2 

42,6 

7,5 

65.5 

538 

1,57 

4.17 

2.86 

12.45 

2.36 

14.09 

81,25 

0.92 

1.21 

1.44 

1.32 

1.51 

1.87 

3,30 

0.68 

0.77 

0.79 

0.83 

0.8 

0.86 

0.77 

0,67 

1.11 

0,56 

2.29 

0.57 

1.82 

8.33 

0.63 

0.61 

0,56 

0.62 

0.50 

0.47 

0.27 

PCDFfpR 'g lipid b a w ] •• ' r ' . - . ' - <*• :.:" i v "••:'. ' i;::1!; •;|.';:
;"-:- "••:;.'!"•' 

2378-TetraCDF (# F83) 

12378-PentaCDF(#F94) 

23478-Pen t aCDF(#F114) 

l 2 3 4 7 8 - H e x a C D F ( # F H 8 ) 

123678-HexaCDF(#F121) 

234678-HexaCDF(#F130) 

123789-HexaCDF(#F124) 

1234678-HeptaCDF(#F131) 

1234789-HeptaCDF(#F134) 

O c t a C D F ( # F 1 3 5 ) 

0.060 

0.055 

1,7 

1.1 

1.1 

0.195 

0.035 

0.94 

0.050 

0.065 

0.085 

0.075 

4,5 

2.2 

2.1 

0.44 

0.048 

2.35 
0.08 

0.225 

0.255 

0.295 

12 

4.5 

4.2 

1.5 

0,215 

4.7 

0.31 

0.65 

1 

0.79 

24 

8.7 

9 

3.1 

0.65 

20 
0.8 

4 

1.6 

1.15 

44 

13 

12 

4.1 

0.85 

230 

2.8 

180 

0,35 

0.33 

12.54 

4.99 

4,73 
1.56 

0.27 

9.29 

0.37 

2.95 

0.05 

0.05 

1.4 

0.58 

0,52 

0.24 

0.025 

0.03 

0.05 

0.1 

0.1 

0.05 

3.4 

1,1 

0.97 

0.37 

0.025 

0.94 

0.05 

0.1 

0.28 

0.19 

10,1 

2,7 

2.4 

1 
0.05 

1.9 
0.08 

0.34 

0.69 

0.42 

20.6 

5.2 

4.6 

2.4 

0.1 

7.4 

0.18 

3.6 

1,5 

0.57 

26.6 

7,3 

6,6 

3.5 

0,19 

79.9 

0.24 

25,4 

0.31 

0.21 

10.90 

2.80 

2.48 

1.12 

0,05 

3.59 

0.09 

0.87 

1,10 

1.60 

1.15 

1.79 

1.91 

1.38 

— 
2.59 

4.28 

3.40 

0.49 

0.37 

0.84 

0.75 

0.74 

0.62 

_ 
0.99 

0.21 

0.94 

0.20 

0.14 

2.27 

0.72 

0.61 

0.35 

— 
0.37 

0.08 

0,47 

0,34 

0.19 

0.69 

0.42 

0.39 

0.50 

— 
0,35 
0.03 

0,13 

n o n - o r t h o P C B [pß/g lipid brac] ' ; " ; r ' " , , " : i ' \^--\-^':<:\'[: >••:•• •:>•]]•) 4 •.'.:• •-[•!y: r:-••'••••••••••• \-

33 ,44'-TetraCB (# 77) 

344 '5 -Te t raCB(#81) 

33'44'5-PeniaCB (# 126) 

33'44'5-V-HexaCB (# 169) 

3.0 

0.105 
2.5 

3,2 

4.1 

0.305 

12 

12 

7 

1.2 

41 

35 

15 

3.4 

97 

88 

88 

8.2 

210 

200 

8.72 

1,49 

47.83 

41.53 

— 
— 

9.6 

1.7 

— 
— 

20.4 

7.6 

— 
— 

67.3 

28.9 

— 
— 

134 

69.1 

— 
— 

291 

128 

— 
— 

71.76 

33.47 

— 
— 

0.67 

1.24 

—-
— 

0.73 

0.85 

— 
— 

19.85 

5.85 

— 
— 

1.09 

0.67 

m o n o - o r t h o P C B [ng/g lipid base] •• •;:•<+••'••>•'•• 

233'44'-PentaCB (# 105) 

2344'5-PentaCB (# 114) 

23'44'5-PentaCB ( # 1 1 8 ) 

2 '344 '5-PentaCB(#123) 

233'44'5-HexaCB (# 156) 

233'44*5'-HexaCB (# 157) 

23'44'55'-HexaCB (tt 167) 

233 ,44'55'-HeptaCB (# 189) 

0,12 

0.043 

0.64 

0,015 

0,37 

0.035 

0,15 

0.031 

TEqTpg/g lipid ba«3l 

WHO-TEq (PCDD/F) 

WHO-TEq (non-ortho PCB) 

WHO-TEq (mono-ortho PCB) 

WHO-TEq (PCB) 

WHO-TEq (PCDD/F+PCB) 

2.73 

0.56 
0.41 

1.40 

4.34 

0,41 

0.13 

2.9 

0.039 

1,4 

0,26 

0,55 

0.18 

6.32 

1,36 

1,36 
3-71 

10.06 

1.4 

0.43 

9.2 

0.13 

7,2 

1.1 
2.1 

1.1 

15.32 

4.53 

5.90 

10.81 

26.37 

2.8 

0.98 

20 

0.28 

19 

2.4 

5,7 

2.6 

31,72 
10.50 

13,74 

22.04 

54,65 

5.7 

1.7 

36 

0.51 

49 

5.7 
9,4 

9.5 

55.07 

21.47 

32.27 

42.23 

97.30 

1.47 

0.47 

10.30 

0.14 

8.42 

1.19 

2.44 

1.25 

0.24 

0,025 

1.5 

0.016 

0.12 

0.025 

0,05 

0.025 

0,72 

0.19 

4.2 

0.05 

1.2 

0.22 

0.49 

0.2 

1.8 

0.63 

11 

0.23 
6.4 

0.87 
2 

0.38 

3.7 

1.4 

20.8 

0.52 

14.1 

1.8 

4.3 

1.4 

4.66 

2.1 

28.99 

0.91 

27.1 

3 
7.8 

9.8 

2.04 

0.68 

11.85 

0,26 

7.22 

0.94 

2.05 

0.63 

0.72 

0.69 

0.87 

0.55 

1.16 

1.26 

1.19 

1.99 

0.85 

0.81 

0.91 

0,52 

0.91 

0,90 
0.88 

0,85 

0.00 

0.00 

0.00 

0,00 

0.00 

0,00 
0.00 

0.00 

0.96 

1,12 

0.89 

1.04 

0.67 

0,64 
0.69 

0.83 
;.\f- •; ::-;.i':.'; ,"' -:v;::;;::-•.•:•,;;•;•;:! ^:::^« :i;::.::.-';:-:--.; ••::•.. • . ! • ' : • • • • • . , • . • • . :• • • .• i . 

16.79 
5.20 

6.38 

11.57 

28.36 

1,80 

0.98 

0.23 

1,21 

3,01 

4.80 

2.20 

1.60 

4.00 

8.70 

13.30 

7.00 
5.60 

13.00 

26.40 

23.90 

14.00 

11.30 

24.50 

49.20 

34.70 

30.40 

19.70 

50.10 

78.70 

13.84 

7.51 

5.91 

13,43 

27.27 

1.21 

0.69 

1.08 

0.86 

1.04 

0.83 

0.76 

0.92 

0.91 

0.89 

2.74 
1,72 

1.36 

1.71 

3,73 

0.66 

1.11 

0,71 

1.01 

0.83 

MIN = minimun; P5 = 5. perccntile; MED = median; P95 = 95. percentile; MAX = maximum; AM = arithmetic mean; 
CORRELATION = results of Pearson correlation MILK = constant + slope * BLOOD; r = coefficient of regression 
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HUMAN LEVELS AND TRENDS 

Conceniralions below the detection limit were calculated using half the value of the detection Hmit. 
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HUMAN LEVELS AND TRENDS 

As known from other studies PCDD/F as well as PCB levels in human blood depend on the age of 
the subjects 2'9. Levels in human milk are in addition mainly influenced by the number of breastfed 
children and length of nursing period 10. Figure 4 shows the age-dependence of PCDD/F and PCB, 
calculated as WHO-TEq, in human blood and milk. Since the age-dependence is not the same for 
all congeners 9 and both matrices, the distribution between blood and milk and the share on TEq 
will also change with age. 

100 i 

90 -

„ 80 • 

m 
-C 

l » • 

i S 60 • 
m o 
a. 

§ » • 
O 
o 
a. 
v 4 0 -
Ul 

Ö 
| JO-

10 

0 -
1 * " 

18 

* » ^ 

o 

1 

20 22 24 

o 

8 

8 

o 
0 

26 

° 
• •> ° c 

o 

- o e _ 

0 8 * 8 * S 2 ^ -

. J>fT»! • : 

e ! 8 § • " • 
8 9 . 

• • 

I ' i • l i ' r " 
28 30 32 M 36 

A»»[yMr5] 

B 

• 

„ 

38 

o 

o 

0 

e o 
•> o 

o 

o 

— 1 ~ 
40 

c. 

42 

Figure 4: Age-dependence of PCDD/F- and PCB-concentrations (expressed as WHO-TEq on lipid base) in human 
blood (left) and human milk (right) 
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